The behaviour of xenon and argon-xenon gas proportional scintillation counters is con sidered. For X-rays, ranges of window area are defined showing competition with semiconductor detectors. Data for primary scintillation of X-rays and alpha particles are included. Relative efficiencies of tetraphenylbutadiene, p-terphenyl, diphenyl-stilbene, sodium salicylate and p-quaterphenyl were measured.
Introduction
The gas proportional scintillation counter is essentially a gaseous device where scin tillations are generated, its light output being controlable by application of suitable electric fields. The main lines of research are summarized by P. E. Thiess and G.H. Mi ley1, most of the work done till now being on nuclear physics applications, as a detector, both in low and high radiation fields.
As a detector, the scintillation is generated by an ionizing particle and essentially two main components are considered in the corresponding light flash: the primary scintillation due to the deexcitation of the medium following the interaction of the particle being detected; and the secondary scintillation corresponding to the light emitted during the migration of the secondary electrons under electric fields. Both the primary and the secondary components have been studied for a 1 wide range of gas mixtures . In particular, for X-ray detection, probably the best way to study the main statistical factors relevant to the behaviour of the gas proportional scintillation counter, the energy resolution and counting rate capabilities associated with the secondary component have been considered2 '3,4,5 The window area is also an important parameter. Provided that a reasonable degree of localization is attained for the region where the secondary light is produced, and because the electronic noise and detector capacitance play no role on the behaviour of the gas proportional scintillation counter, it is expected that large window areas can be used without deterioration of the resolution2'3
The gas proportional scintillation counter may compete with the semiconductor X-ray detectors as far as energy resolution is concerned, if the window area parameter is taken into account. Criteria related to system resolution and detector area, for cooled silicon X-ray detectors were analised by R. S. Frankel and D. W. Aitken6 and areas till about 500mm2 may be very useful. It was then decided to study the variation of the resolution with window area for the gas proportional scintilla tion counter on the same region of window areas.
Another important parameter relevant for the energy resolution of the gas proportional scintillation counter is Experimental techniques Fig. 1 shows the detector used in this work. The main concern was to make it mechanically strong, so no magnesium oxide reflector was used. For a detailed description of the de tecting system, associated electronics and X--ray generation see references 2 and 3. The pu rities of the gases used, xenon and argon commercially available, are, respectively, 99.95% As in a previous work 1, to study efficiencies of wavelength shifters and in order to avoid reflections, no aluminium reflector was used, one of the quartz windows was replaced by a stainless steel cover and the inside face of the other was masked by a stainless steel plate with a central circular aperture (diameter 29mm) where a thin quartz disc with the wavelength shifter deposit could be placed.
The thicknesses of the deposits were de-termined by weighting.
To compare the light output of xenon and the promising mixture argon-5% xenon, and to avoid corrections due to the different riseti mes of the pulses, dependent on the gas filling nature and the applied voltage (the pres sure was kept constant), no differentiation was introduced on the amplifiers, an integrating time constant of 100 ns was used and,r in order to match the characteristics of the pul se height analyser the pulses were fed through a linear gate. The charge pulses were analysed on the same way.
Work related to primary scintillations was carried on taking out the anode and teflon insulator. When alpha particles from a ThC+ThC' source were used the entrance window was made of mylar 6 im thick, the beam was well collimated, and a vacuum path was created between the source and the mylar window to minimize straggling. In each photomultipli er three dynodes were short-circuited to the anode to avoid saturations.
To study the variation of the energy resolution with window area a rectangular aperture of 34x18mm was made in the stainless steel body of the counter; windows, framed in stainless steel, were then screwed into place with indium gaskets. The alpha source and the targets for X-ray generation were located as far away as possible from the entrance win dow, in order to get a relatively uniform flux of X-ray over the entire window area.
Experimental results and conclusions

Wavelength shifters
Following a previous work , 1,1,4,4 tetraphenylbutadiene and 4,4' diphenylstilbene, both NE scintillation grade, were studied in the xenon gas scintillation counter at a pressure of 940 Torr and an anode voltage of 5000 V (ionization chamber region).
X-rays from a 55Fe source were used and the mean light pulse amplitude h was measured as a function of the thickness t of the wavelength shifter. In view of the conclusion of a previous workio together with some measurements for tetraphenylbutadiene and diphenylstilbene we consider that the data obtained at 5000 volts are representative of the behaviour of the wavelength shifter for any anode voltage down to about 2000 volts. To be able to compare this data with the data gathered before, p-terphenyl scintillation grade at its optimum thickness was used for normalization.
For each wavelength shifter the thickness tM of maximum light output h and the minimum thickness tm for which 0.9 hM= h(tm) are ta- In view of these results and taking into account information relative to possible deteri 11 oration of the tetraphenylbutadiene deposits p-terphenyl was used as wavelength shifter.
Xenon and argon-5% xenon Fig. 2 shows the secondary light outputs, L, from pure xenon and an argon-5% xenon mixture for aluminium X-rays, as a function of the anode voltage, using p-terphenyl as wavelength shifter. The anode was a 10mm diameter sphere and the pressure 970 torr. Charge measurements using alpha particles showed that for the range of voltages used there was no charge multiplication when xenon was the filling gas; the dashed line in the same fig. shows the charge gain, as a function of the voltage, for the argon-5% xenon mixture.
The threshold for light multiplication is much lower for the mixture than for pure xenon, and for voltages below 1400 volts xenon is atoorer scintillator". Again for voltages over 3000 volts xenon gives a lower light output. But, as the charge curve shows, this effect is associated with the charge multiplication process. This explains the data previously reported 9 , working under conditions of large charge gains, and quoting light outputs from the mixture an order of magnitude larger than those from pure xenon. If the resolution is the important parameter of the detector, and this depends on the particular application, the relevant parameter is the light output below the charge multiplication threshold, or rather, dL/dV on the ionization chamber region. In this context xenon is a better scintillator than the mixture argon-5% xenon. These results were further confirmed using a 6mm dia meter anode.
Xenon was then the filling gas choosen for the proportional scintillation counter.
Primary scintillation
In order to show the optical efficiency of the counter used in these experiments, primary scintillation spectra from silver X-rays and ThC+ThC' alpha particles are represented in fig. 3 . The higher energy alpha peak corres ponds to about 8.3 MeV dissipated in the detector. If this energy loss is taken into account the detector has the same optical efficiency as the gas scintillation counter of Say res and Wu 2, which features the best resolution reported. The X-ray spectra in the same fig. illustrates the possibility of detecting the primary scintillations of relatively low energies well above the noise.
X-ray energy resolution and window area Fig. 4 shows spectra for carbon, aluminium and manganese Ka X-rays resulting from the bombardment of graphite and aluminium targets with alpha particles and from a 55Fe source with a chromium filter. The corres ponding energies are 0.277 keV, 1.49 keV and 5.9 keV, respectively, and the conditions of pressure, applied voltage and the diameter of the spherical anode are quoted as well as the resolutions and widths at half maximum. The filling gas was xenon, continuously purified, and the wavelength shifter used was p-terphenyl with a thickness of about 2.5 mg/cm2. From To compare the xenon gas proportional scintillation counter with silicon X-ray detectors, as far as resolution and window area are concerned, a compilation of data is represented in Fig. 5 for aluminium X-rays and in Fig. 6 for oxygen and carbon X-rays. The shaded areas are regions of typical resolutions of silicon detectors, based on available data from two well known manufacturers for the ener gy resolution at 5.898 keV, the manganese Ka X-rays, at low counting rates, for several detector dimensions. It was assumed that the electronic noise is independent of the energy dissipated in the detector and-0.1 was taken as the Fano factor for silicon. In Fig. 5 the band of window areas is limited by the data available; for a certain window area and a cer tain shaded region, the upper and lower resolu tion limits correspond to the use of resistor or pulsed optical feedback. Fig. 6 is similar, but of course, there is no sense in considering f.w.h.m. that would make the detector inoperative on account of noise counting rates, and the shaded regions were limited by full widths at half maximum of the order of a third of the X-ray energy. The regions so obtained for silicon detectors were confirmed to be rea sonably correct by comparing with experimental data available for each of the X-rays considered. In particular, and due to its interest, experimental data are represented for carbon X-rays using silicon detectors (see Fig. 6 5.89 and 6.40 keV X-rays . Then, in Figs. 5 and 6 the effect of higher counting rate would be a shift upwards of the shaded areas that correspond to silicon detectors; and recalling the previous example of the aluminium X-rays (see Fig. 5 
